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ABSTRACT 
The air pollution technique of wet scrubbers for fumes, mists and suspended dusts 
as part of a polluted gas stream has been study as well as used for industries for many 
decades.  The sieve tray is the simplest type of these scrubbers. A laboratory-scale 
single–stage, sieve tray countercurrent wet scrubber has been designed to study the effect 
of ultrasonic vibrations on the rate of mass transfer. A 20 kHz ultrasound frequency was 
chosen for a high performance cavitation to enhance the mass transport between the gas 
and liquid phases. Various perforation diameters and weir heights were employed in 
order to permit a different foam level and foam density. The mass transfer of dissolved 
oxygen was measured across the system as the main parameter followed to quantify the 
absorption and to calculate the mass transfer coefficient KLa for the system. The sieve 
tray was operated at the same conditions with and without ultrasound to determine the 
effect on KLa, oxygen was chosen because it is not likely that any chemical reactions 
between O2 and H2O would enhance the rate of mass transfer due to the use of ultrasound 
and because KLa for oxygen is dominated by liquid-phase mass transfer. The overall 
liquid mass transfer coefficient with and without the use of ultrasonic vibrations was on 
the order of 10
-4
 mg/s·cm3. The shorter weir of 1 inch height influence a higher dissolved 
oxygen concentration of a difference about 1.5×10
-4
 mg/s·cm3 with respect to the 1.5 and 
2.0 inch weirs.  The overall results also indicate that there is no difference on the mass 
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transfer coefficient between different sieve-tray materials, in comparison with the 
perforations hole size diameter. 
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CHAPTER 1  
INTRODUCTION 
 
There are many solutions for environmental protection in use. Many rely on 
chemical reactions to alter or destroy the contaminant. Sonochemistry is a new technique 
that has been proposed to enhance the removal rate of various compounds from air waste 
streams resulting in an increase in efficiency for the processes, which leads to a 
destruction of pollutants and a faster transport process. 
Since the Clean Air Act passed in 1970, the increase of the efficiency of air 
pollution control devices has been a priority area of research. In addition, industry desires 
environmental protection to be done in a cost-effective manner. A popular technique is 
scrubbing the exhaust air, for treatment of fumes, mists, and suspended dusts, and for 
removal of gases such as sulfur oxides, nitrogen oxides, and hydrocarbons.  
This research tests the effect of ultrasonic vibrations in a countercurrent, single-
stage, sieve-tray scrubber. Based on the literature, ultrasound may improve the liquid-
phase mass transfer coefficient by creating larger surface area or by promoting greater 
levels of turbulence on the liquid. In addition ultrasound may stimulate sonochemical 
reactions that enhance the process. 
The transfer of oxygen to water is the main parameter measured in the 
experiments since its mass transfer is dominated by liquid-phase mass transfer (McCabe, 
2000).  
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  Henry’s Law coefficient for oxygen indicates that oxygen is a very soluble gas, 
therefore it is expected to have a fast rate of absorption. The physical absorption will be 
enhanced by the production of bubbles generated through the sieve plate and by the 
additional cavitation generated with ultrasound waves. 
Gas-liquid transfer is analyzed by oxygen absorption in the sieve tray scrubber 
with and without the application of ultrasound to determine if the ultrasound can 
accelerate the mass transfer. Increasing rates of mass transfer will improve scrubbing 
efficiency whether or not a sonochemical reaction occurs.  
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CHAPTER 2  
LITERATURE REVIEW 
 
WET SCRUBBERS 
Wet scrubbers are widely used in air pollution control for gas absorption. The 
principle involved is the preferential solubility of a gaseous component in the liquid 
(Cooper and Alley, 2002). The types of air scrubbers include spray, countercurrent, 
venturi, sieve tray, bio-scrubber, etc. Countercurrent scrubbers are usually preferred for 
gas transfer. 
In a countercurrent wet scrubber, contaminated gas enters through an inlet at the 
bottom of the column. Liquid enters through a nozzle or pipe, flowing in a counter-
current flow, cross flow or co-current manner. Clean gas exits at the top, while the liquid 
exits at the bottom (Montgomery, 1999). 
The sieve tray is the simplest tray scrubber design. A good description of a sieve 
tray scrubber is given by McCabe et al. (2000). A sieve tray is a horizontal perforated 
plate mounted across the vessel. With a conventional sieve tray, the gas velocities are 
such that gas flows up through the holes and bubbles through the liquid on the tray to 
provide intimate gas-liquid contact. Overflow weirs divert a portion of the slurry through 
a “downcomer” to lower stages in the scrubber or directly to the effluent holding tank. 
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SONOCHEMISTRY 
Sonochemistry is the employment of ultrasound waves with multiphase media in 
order to create physical and or chemical effects due to cavitation (Thompson and 
Doraiswamy, 1999). Its effects may include increasing the rate of absorption and more 
rapid chemical reactions through radical species produced during cavitation. After the 
introduction of the ultrasonic cleaning baths in metallurgy and chemical laboratories, 
chemists began to consider their use to enhance chemical reactivity.  
Sonochemistry was under active investigation in the first half of the twentieth 
century (Efilmovich, 1964), but the major studies and applications have been only over 
the last two decades. This is certainly due to the greater availability of commercial 
ultrasonic equipment.  
Existing literature in sonochemistry is largely focused on studies in aqueous 
media. Gallego-Juarez (1989) has suggested that there is a way to applied sonochemistry 
to air pollution with his own design of a stepped plate air-borne transducer. On the other 
hand, there is sufficient evidence for the application in soil remediation, which has at 
least one liquid phase in the media (Adewuyi, 2001). A sonifier probe is put in contact 
with the fluid media (Gallego-Juarez et al., 2002) so that sonic vibrations are generated 
through the fluid with the pulse frequency desired for the cavitation effect and a desired 
foam level is maintained to generate an adequate foam density (Exerowa and 
Kruglyakov, 1998).   
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ULTRASONIC VIBRATIONS 
In some environmental reactions intermediates are produced that are a threat to 
people. Ultrasonic irradiation has proven to have almost no harmful intermediates of 
concern to humans (Kitajima et al., 2006).  
The important property of ultrasonic oscillation systems is their resonant 
frequency. It is conditioned that effectiveness of technological processes depends from 
oscillation amplitude and maximal level of amplitudes obtained when ultrasonic 
oscillation systems excites at resonant frequency, (Khmelev, 2007).  
Davydov et al. (2001) showed the use of 20 kHz ultrasound to have a pronounced 
effect on the rate and efficiency in destruction reactions compared to photocatalysis. 
.  
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CHAPTER 3 
OBJECTIVES 
 
HYPOTHESIS AND OBJECTIVES 
The hypothesis of this research is that the liquid-phase mass transfer coefficient 
from a sieve tray scrubber can be enhanced by the use of ultrasonic vibrations. 
The objectives of this thesis to test this hypothesis are: 
 To develop an air scrubbing system that allows the application of sonochemistry 
to gas-liquid mass transfer. 
 To determine if the gas-liquid mass transfer can be enhanced by the combination 
of a sieve plate scrubber and the power of sonication.  
 To determine: 
o The effect of sieve plate holes size on the mass transfer. 
o The effect of changing weir height allowing different depths of transfer zone. 
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CHAPTER 4 
MATERIALS AND METHODS 
 
EXPERIMENTAL SETUP 
ABSORBER 
A primary stage for this research was the apparatus design which was done in 
conjunction with part of an existing column used by DeHollander et al., (1998), the foam 
density results from Thain (1979), and the air pollution data from Stern (1977) and 
Wayne (2000). Stern (1977) and Wayne (2000) reported that the typical values for 
particle control range from 0.25 to 3.0 (L water/m
3
 air) which is known as the L/G or 
liquid-to-gas ratio, where L represents the volume of liquid and G, represents the volume 
of gas involved in the flow.  
The overall experimental setup is shown in Fig. 4.1 with a photo of the equipment 
set up in Figure 4.2. The countercurrent single-stage tray wet scrubber, shown in Figure 
4.3, consists of a 45.7 cm tall (18 inches) cylinder made of Plexiglas with a diameter of 
11.4 cm (4.5 in). This cylinder was part of a column used by DeHollander et al., (1998). 
A bottom flange made of Lexan was constructed and adapted to match the existing 
column.  
 
 8 
 
 
Figure 4.1. Basic operation diagram. 
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Figure 4.2. Laboratory experimental setup. 
 
 10 
 
air outlet
Sonicator stand
sieve-tray
pitot-tube
connection
weir
water inlet
connection to pump
air inlet
Connection to blower
water outlet
demister
 
Figure 4.3. Absorber diagram. 
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A centrifugal blower blew air through a 1.5 inch diameter flex hose into the 
scrubber. The air flow was varied by a Superior and Electronic Co., Bristol. CT, USA 
autotransformer type 3PN116C with an inlet voltage of 120 V and an outer voltage from 
0 to 140 V. The flex hose was glued to a 1.5 inch white PVC pipe that was connected to 
the bottom of the scrubber using two 90
o
 elbows. The second elbow connected to a 1.5 
inch white PVC male adapter that was screwed at the bottom flange and a second gray 
PVC pipe was connected to this male fitting with a female fitting reducer and glued to 
secure with no leaks at every connection. For the air flow, an inclined manometer 
measured the pressure differential from a miniature stainless-steel pitot tube, Dwyer 
model N48E, situated at about 10 diameters from the air inlet at the scrubber base, 
mounted in a PVC pipe connecting the air inlet from the flex hose to the base of the 
scrubber. The air velocity was set to about 6.15 m/s corresponding to 0.09 inch H2O at 
the manometer reading.  The voltage was varied between 19 and 20 V. The air velocity of 
6.15 m/s at the pitot tube was selected for the foam stability and the liquid-to-gas ratio. 
From Table 4.1, we can see the sieve-trays hole velocities and conversions for air flow. 
Figure A.1 at Appendix A from Thain (1979), shows the foam density desirable for a 
sieve-plate scrubber. The value of 6.15 m/s was used to calculate the liquid-to-gas ratio 
shown in Table 4.2 for every liquid flow.  
The sieve plates were constructed of commercial PVC, stainless steel, and 
aluminum perforated stock.  Table 4.3 describes the characteristics of each plate. All 
plates had round perforations on staggered centers in a 60
o
 pattern. For actual industrial 
scale, the typical hole area as a percentage of the active cross section is 5 to 15%, 
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commonly 10%. This active cross section area refers to the total area of all holes through 
the tray. The selection of these dimensions was based on considerations of pressure drop, 
entrainment, weeping, and mass transfer efficiency (Walas, 1990).  With a cross-sectional 
area of 57.83 mm
2
 (8.96 in
2
), i.e. for the 3.175 mm (1/8 in) hole diameter, the active area 
of 16.77 mm
2
 (2.6 in
2
) represented a 30% of active cross section. Figure 4.4 shows the 
sieve tray arrangement. 
 
Table 4.1. Sieve-trays hole velocities.  
Plate 1, PVC sieve-tray 
vh (m/s) vh (in/s) Qair (m
3
/s) Qair (L/s) 
7 275.60 0.008 8.1 
Plate 2, aluminum sieve-tray 
vh (m/s) vh (in/s) Qair (m
3
/s) Qair L/s) 
5 185.04 0.008 8.1 
Plate 3, stainless steel sieve-tray 
vh (m/s) vh (in/s) Qair (m
3
/s) Qair (L/s) 
6 240.16 0.008 8.1 
Plate 4, stainless steel sieve-tray 
vh (m/s) vh (in/s) Qair (m
3
/s) Qair (L/s) 
7 275.60 0.008 8.1 
 
 
In early experiments it was found that a pressure field induced by the ultrasonic 
vibrations forced water down through the sieve tray. To stop this flow a 25.4 mm 
diameter circle of clear plastic was placed on the tray. This caused a loss of 506.7 mm
2
 
(0.785 in
2
) of active cross-sectional area, therefore, a correction for this area was made 
for further calculations. Table 4.3 summarizes the description of all the plates used for 
this research. 
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Table 4.2. Liquid to gas ratio for the aluminum sieve tray. 
  L/G 
vh 
(m/s) 
Qa,tray 
(m
3
/s) 
Qw = 0.5 
L/min 
Qw = 0.6 
L/min 
Qw = 0.7 
L/min 
Qw = 0.8 
L/min 
Qw = 0.9 
L/min 
Qw = 1 
L/min 
1 0.0017 4.87 5.85 6.82 7.80 8.77 9.75 
2 0.0034 2.44 2.92 3.41 3.90 4.39 4.87 
3 0.0051 1.62 1.95 2.27 2.60 2.92 3.25 
4 0.0068 1.22 1.46 1.71 1.95 2.19 2.44 
5 0.0086 0.97 1.17 1.36 1.56 1.75 1.95 
6 0.0103 0.81 0.97 1.14 1.30 1.46 1.62 
7 0.0120 0.70 0.84 0.97 1.11 1.25 1.39 
8 0.0140 0.61 0.73 0.85 0.97 1.10 1.22 
9 0.0153 0.54 0.65 0.76 0.87 0.97 1.08 
10 0.0171 0.49 0.58 0.68 0.78 0.88 0.97 
11 0.0188 0.44 0.53 0.62 0.71 0.80 0.89 
12 0.0205 0.41 0.49 0.57 0.65 0.73 0.81 
13 0.0222 0.37 0.45 0.52 0.60 0.67 0.75 
14 0.0239 0.35 0.42 0.49 0.56 0.63 0.70 
15 0.0257 0.32 0.39 0.45 0.52 0.58 0.65 
16 0.0274 0.30 0.37 0.43 0.49 0.55 0.61 
17 0.0291 0.29 0.34 0.40 0.46 0.52 0.57 
18 0.0308 0.27 0.32 0.38 0.43 0.49 0.54 
19 0.0325 0.26 0.31 0.36 0.41 0.46 0.51 
20 0.0342 0.24 0.29 0.34 0.39 0.44 0.49 
 
Table 4.3 Sieve trays description.  
 
Plate Material 
Thick 
(mm) 
Hole Size 
Diameter 
(mm) 
Nominal 
Active Cross 
Section (%) 
Corrected 
Active Cross 
Section (%)
1
 
Catalog 
No. 
2
 
1 PVC 3.175 3.175 30 20 
PVCS-
0125-E 
2 Aluminum 0.813 1.588 41 30 
PMA-
001-E 
3 Stainless Steel 0.739 2.831 33 23 
PMX-
125-A 
4 Stainless Steel 0.792 3.175 30 20 
PMX-
005-E 
1
The corrected active cross section comes from www.diamondperf.com.   
2
 Small Parts, 1509 SW 29
th
 Street, Suite 201, Miramar, FL 33027, www.smallparts.com.  
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Figure 4.4. Sieve-tray arrangement in a Plexiglas circle attached to the scrubber body (A). 
Weir height of 1 inch attached to the Plexiglas tray as a male PVC that permits 
adjustment to 1.5 inch and 2 inch weirs (B). 
 
The sieve plate was situated 127 mm (5 in) from the top flange. Top and bottom 
flanges were attached to the cylinder of the scrubber and secured by four 38.1 mm bolts. 
A Buna-N O-ring sealed each flange. The bottom flange was bolted onto a steel stool as a 
stand for the scrubber column. 
The demister was situated just below the top flange and made of a combination of 
three different plastic fibers. 
The air exhaust is situated on top of the scrubber next to the sonifier probe which 
is secured in a stand built in the scrubber with a piece of Plexiglas tube glued with 
silicone sealer to a male fitting screwed at the top flange.  
A Branson Ultrasonics digital sonifier model 250 was selected to deliver the 
necessary 20 kHz of ultrasound and to ensure repeatability. A half-wave extension of 127 
mm (5 inches) with 12.7 mm (0.5 inch) flat replaceable tip, part number 101-147-041 
from Branson Ultrasonics, replaced the original tip to allow the probe to reach near the 
sieve plate. The distance from the end of the tip and the plastic disk resting on the sieve-
plate was about 10 mm. Figure 4.5 shows the superior part of the scrubber with the 
sonifier probe, the sieve-tray and the demister arrangement. 
The supply of water was held in a 25 gallon plastic tank. The water was pumped 
by a Master Flex Model® Cole Parmer® Digital Console Drive 7523 and 7550 with 
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Liqui-Sence tubing peristaltic pump with an Easy-Load II head. The no. 17 flex tubing, 
which has a 3/8 inch inner diameter, was connected to a 1/2 inch white PVC tube that 
entered the top flange and was positioned about 4 inches from top of the cylinder to 
deliver the water flow on to the sieve-plate. A white PVC tube was connected to the weir 
through the sieve-plate and went through the bottom flange to drain the water for 
sampling. 
One liter beakers were used to collect the water at the exit of the scrubber. The 
beaker was filled to above 500 ml and transferred to 500 ml beakers in order to give the 
10 cm necessary to submerge the oxygen meter into the water sample. Time was also 
recorded while collecting every sample. A VWR Traceable® Digital Oxygen Meter was 
used to measure the dissolved oxygen with a resolution of 0.1 mg/L. 
The water tank was filled and allowed to set overnight to come to room 
temperature.  
By bubbling nitrogen gas into the water tank, its dissolved oxygen concentration 
can, in theory, be driven to approximately zero at the beginning of the experiment. The 
nitrogen flow came from a compressed gas cylinder that was connected to a regulator and 
to Flex tubing 15, which connected to the water tank. A compact high-flow exhaust 
muffler of 6.35 mm (0.25 inch) NPT male, 105 Max SCFM with 44.45 mm (1.75 inches) 
height was used as a diffuser for the nitrogen line at the bottom of the water tank. After 
early experiments, it was determined that it was feasible to achieve a value around 2.0 
mg/L of dissolved oxygen as the initial concentration in the inlet water.  
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Figure 4.5. View of upper part of scrubber arrangement. 
 
 
 
Water inlet 
Sonifier 
probe-tip 
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Sieve-tray 
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EXPERIMENTAL PROCEDURE  
Sixty-six experiments were conducted without ultrasound at weir heights of 25.4 
mm, 38.1 mm, and 50.8 mm (1, 1.5 and 2 inches) to maintain a consistent liquid-foam 
level. Sixty-six additional experiments were conducted with the application of 20 kHz 
ultrasound at the weir heights to measure the difference in mass transfer with and without 
ultrasonic vibrations. The inlet and outlet water temperatures were also measured for all 
experiments. Dissolved oxygen was measured in the water tank before the experiment 
and in the water drained after scrubbing the air. A checklist is presented in Table 4.4, 
which shows the data taken before every experiment for temperature and dissolved 
oxygen as well as for the settings of the water pump, air blower and sonifier.  
 
Table 4.4.  Experiment data collection, with va fixed at 6.15 m/sec. 
Weir height=______inch 
Qw = ________ L/min 
Tin = ________ 
o
C 
DOin = _______ mg/L 
Ultrasonic Vibrations: 
____ % Amplitude 
Bar graph = ________ % 
Power = _______ watts 
 
 
Lw = ____inch 
 
 
Exp. No. ______ 
Obs. Time (min) Tout (
o
C) DOout (mg/L) 
1    
2    
3    
 
 A minimum of three observations were recorded for each experiment to ensure 
repeatability of the parameters. Qw is the water flow, and Qa  is the air flow; Tin and Tout 
are the inlet and outlet water temperatures, DOin and DOout are the inlet and outlet 
dissolved oxygen concentrations; Lw represents the water depth  for the foam at the mass 
transfer zone created on top of the sieve plate. Lw was estimated by turning off the water 
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and air flows from the system at about the same time and quickly measuring with a ruler 
situated next to the transfer zone outside the scrubber body. This water level was later 
translated into water volume, V, used to calculate the overall mass transfer coefficient for 
every experiment. Figure 4.6 shows how this measurement was done. 
The water flows were varied from 0.5 L/min through increments of 0.1 L/min up 
to 1.0 L/min. 
 
 
Figure 4.6. Water level, Lw, measurement. 
 
DETERMINATION OF MASS TRANSFER COEFFICIENT 
In order to calculate the mass transfer coefficient, the following equations were 
used: 
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 Where  represents the mass flow of oxygen, and DOin and DOout are the 
inlet and outlet dissolved oxygen concentrations, mg/L, Qw is the water flow, L/min, V 
represents the liquid transfer volume, cm
3
, on top of the sieve tray, and KLa is the overall 
liquid mass transfer coefficient. 
 These set of equations has been simplified from the ones used by Calderbank and 
Moo-Young (1961), Scargiali et al. (2007), Thompson and Doraiswamy (1999), Kumar 
et al. (2004), and Laurent and Charpentier (1983). 
 
USE OF HENRY’S CONSTANT 
 For describing solubility of the two streams in the scrubber, which are relatively 
dilute solutions for the liquid and gas streams, their concentrations for the pollutant in the 
gas and the liquid are often linearly related, therefore Henry’s Law is used to describe 
this solubility, (Cooper and Alley, 2002). From the compilation by Sander, (1999) for 
oxygen its Henry’s Law constant is KH =1.25×10
-3
 [M/atm]
-1
, which indicates that 
oxygen is a very soluble gas. A copy of this table can be found in Appendix A. 
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CHAPTER 5 
RESULTS AND DISCUSSION 
The experiments with and without ultrasound were conducted alternating the use 
of ultrasound with each weir height for a total of 132 experiments with three repetitions 
for each one. At the beginning of each experiment, about 30 seconds after starting the gas 
and water currents through the scrubber, foam started to accumulate and a constant water 
outlet flow started to accumulate in the beaker, which was the actual starting point for 
each and every experiment. Sixty-six experiments were conducted then without 
ultrasound at the different weir heights of 25.4 mm, 38.1 mm, and 50.8 mm (1, 1.5 and 2 
inches) to maintain a liquid-foam level and sixty-six experiments were conducted with 
the application of 20 kHz ultrasound at the same weir heights to measure the difference in 
mass transfer. Figure 5.1 contains two pictures that show the operating mode of the 
scrubber. 
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Figure 5.1. Top of scrubber, for the mass transfer zone, a) no flows, and b) with air and 
water flows.  
 
 With respect to bubble density, it was observed that using smaller size hole plates, 
tended to create a more uniform bubble size. Since the final results for the liquid-mass 
transfer coefficient were all in the same range of 10
-4
 mg/s·cm
3
, the mass transfer was not 
observed to be significantly different for bigger size hole plates. These results were in 
agreement with the literature results, such as found in tables from Laurent and 
Charpentier (1983) and Calderbank and Moo-Young (1960), which are shown in 
Appendix A. 
 When applying ultrasonic vibrations to the experiments, a different cloudy 
arrangement of bubbles close to the sonifier horn tip was observed, as can be seen in 
Figure 5.2. The sonifier bar graph showed an amplitude range of 10 to 35% and a power 
range of 16 to 52 watts, which represents the power used to generate the ultrasound 
waves; this variation for higher power usage happened with higher water flows and 
deeper foam levels. 
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Figure 5.2. Scrubbing bubbles a) without ultrasound, and b) with the use of ultrasound. 
 
 
The following tables showing the averaged results for the overall liquid mass 
transfer coefficient experiments (Tables 5.1 to 5.24). The complete tables of 
measurements for each experiment are shown in Appendix B, as well as the unit 
conversions and calculations used to create these tables. The negative temperature 
difference is believed to be due to the evaporation process during mass transfer. An 
average of the three dissolved oxygen concentration measured was used to generate the 
results for the overall liquid mass transfer coefficient, KLa, mg/s·cm
3
. The volume of the 
transfer zone, V, was determined with the water level, Lw, measured at every experiment. 
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For the cases when using the PVC-sieve-tray and the stainless-steel-sieve-tray of 1/8 inch 
hole, the water flow of 1 L/min was not used since preliminary tests showed that for this 
situation, the scrubber was flooded.  
Comparing the results for KLa with and without the use of ultrasonic vibrations 
there is clear that both cases generate similar results for the mass transfer of oxygen.  
For the combination of PVC sieve-tray-scrubber and 1.5 inch weir, there is a 
significant difference statistically comparing the two standard deviations (see Appendix 
C), resulting in a better performance without the use of ultrasonic vibrations. There is a 
2×10
-4
 mg/s·cm3 difference when comparing the weir heights, with the best performance 
using the shorter weir of 1 inch (Figure 5.3).   
 
Table 5.1. Results from the PVC sieve-tray-scrubber, with 1 inch weir and no ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 271 2.19 -2.1 
0.6 1.00 317 1.67 -2.0 
0.7 1.17 362 2.21 -1.7 
0.8 1.33 362 2.47 -1.3 
0.9 1.50 407 2.45 -1.2 
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Table 5.2. Results from the PVC sieve-tray-scrubber, with 1 inch weir and ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 181 2.87 -1.6 
0.6 1.00 317 1.62 -1.6 
0.7 1.17 317 2.47 -1.3 
0.8 1.33 362 2.40 -1.0 
0.9 1.50 362 2.41 -0.9 
 
Table 5.3. Results from the PVC sieve-tray-scrubber, with 1.5 inch weir and no ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 452 1.18 -2.7 
0.6 1.00 452 1.61 -2.5 
0.7 1.17 543 1.59 -0.7 
0.8 1.33 543 1.70 -1.4 
0.9 1.50 588 1.66 -1.2 
 
Table 5.4. Results from the PVC sieve-tray-scrubber, with 1.5 inch weir and ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 498 1.11 -2.0 
0.6 1.00 452 1.43 -0.1 
0.7 1.17 498 1.69 -0.9 
0.8 1.33 498 1.72 -0.6 
0.9 1.50 543 6.13 -0.6 
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Table 5.5. Results from the PVC sieve-tray-scrubber, with 2 inch weir and no ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 633 1.36 -2.4 
0.6 1.00 633 1.77 -2.6 
0.7 1.17 633 1.72 -2.5 
0.8 1.33 633 1.78 -1.8 
0.9 1.50 633 1.81 -2.1 
 
Table 5.6. Results from the PVC sieve-tray-scrubber, with 2 inch weir and ultrasonic 
vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 633 1.19 -2.2 
0.6 1.00 633 1.61 -2.0 
0.7 1.17 633 1.76 -1.8 
0.8 1.33 633 1.83 -1.7 
0.9 1.50 633 1.76 -1.6 
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Figure 5.3. KLa comparisons with respect to weir height and water flow for the PVC 
sieve-tray scrubber. 
 
The aluminum sieve-tray scrubber showed a significant difference statistically 
comparing the two standard deviations (Appendix C) for the data with and without the 
use of ultrasonic vibrations when using the 1.5 inch weir. Using ultrasound resulted in 
lower values for the overall liquid mass transfer coefficient. The performance of the 
equipment was better when using the 1 inch weir, showing a difference of about 1.5×10
-4
 
mg/s·cm3 with respect to the 1.5 inch weir and around 3×10-4 mg/s·cm3 when using the 
tallest weir of 2 inch (Figure 5.4). 
 
Table 5.7. Results from the aluminum sieve-tray-scrubber, with 1 inch weir and no 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 317 1.91 -2.8 
0.6 1.00 317 2.19 -2.4 
0.7 1.17 362 2.15 -2.1 
0.8 1.33 362 2.98 -3.0 
0.9 1.50 362 3.36 -2.9 
1 1.67 362 3.64 -2.7 
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Table 5.8. Results from the aluminum sieve-tray-scrubber, with 1 inch weir and 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 317 2.17 -2.8 
0.6 1.00 317 2.59 -2.9 
0.7 1.17 362 2.60 -2.7 
0.8 1.33 362 2.95 -2.6 
0.9 1.50 362 3.27 -2.6 
1 1.67 362 3.64 -2.4 
 
Table 5.9. Results from the aluminum sieve-tray-scrubber, with 1.5 inch weir and no 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 407 4.85 -3.6 
0.6 1.00 407 2.56 -3.6 
0.7 1.17 407 2.23 -3.4 
0.8 1.33 452 2.95 -3.2 
0.9 1.50 452 2.44 -3.0 
1 1.67 452 2.69 -2.8 
Table 5.10. Results from the aluminum sieve-tray-scrubber, with 1.5 inch weir and 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 317 2.08 -3.5 
0.6 1.00 407 1.87 -3.1 
0.7 1.17 407 2.16 -2.9 
0.8 1.33 452 2.21 -2.7 
0.9 1.50 452 2.41 -2.6 
1 1.67 452 2.66 -2.5 
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Table 5.11. Results from the aluminum sieve-tray-scrubber, with 2 inch weir and no 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 543 1.19 -3.8 
0.6 1.00 543 1.37 -3.3 
0.7 1.17 543 1.59 -3.1 
0.8 1.33 543 1.77 -2.9 
0.9 1.50 588 1.80 -2.9 
1 1.67 588 2.01 -2.7 
 
Table 5.12. Results from the aluminum sieve-tray-scrubber, with 2 inch weir and 
ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 588 1.02 -3.3 
0.6 1.00 588 1.25 -2.8 
0.7 1.17 588 1.44 -2.6 
0.8 1.33 588 1.59 -2.4 
0.9 1.50 633 1.67 -2.5 
1 1.67 633 1.82 -2.2 
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Figure 5.4. KLa comparisons with respect to weir height and water flow for the aluminum 
sieve-tray scrubber. 
 
For the combination of the stainless-steel 3/32 inch sieve-tray-scrubber and 2 inch 
weir, there was a statistically significant positive enhancement when using ultrasonic 
vibrations (Appendix C). Comparing KLa values, the pattern that the absorption follows is 
different for each water flow. When comparing weir heights, the performance while using 
ultrasound, there is no observable difference between the 1 inch weir and the 2 inch weir 
for the faster flow 1.0 L/min whereas for the flows of 0.5 L/min and 0.9 L/min there is a 
1.5×10
-4
 mg/s·cm3 difference in favor of the use of ultrasound (Figure 5.5). 
 
 
Table 5.13. Results from the plate 3, stainless steel sieve-tray-scrubber, with 1 inch weir 
and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 317 1.79 -2.5 
0.6 1.00 317 1.67 -2.0 
0.7 1.17 317 2.35 -1.8 
0.8 1.33 317 2.54 -1.8 
0.9 1.50 317 2.84 -1.6 
1 1.67 317 3.73 -2.6 
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Table 5.14. Results from the plate 3, stainless steel sieve-tray-scrubber, with 1 inch weir 
and ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 271 1.99 -2.1 
0.6 1.00 317 2.02 -1.6 
0.7 1.17 362 2.0 -1.5 
0.8 1.33 362 2.21 -1.5 
0.9 1.50 362 2.48 -1.3 
1 1.67 362 3.25 -2.4 
 
Table 5.15. Results from the plate 3, stainless steel sieve-tray-scrubber, with 1.5 inch 
weir and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 362 1.72 -3.4 
0.6 1.00 452 1.63 -3.1 
0.7 1.17 452 1.86 -2.8 
0.8 1.33 452 2.15 -2.6 
0.9 1.50 452 2.44 -2.1 
1 1.67 452 2.72 -2.2 
 
Table 5.16. Results from the plate 3, stainless steel sieve-tray-scrubber, with 1.5 inch 
weir and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 271 2.27 -2.7 
0.6 1.00 452 1.60 -2.6 
0.7 1.17 452 1.84 -2.4 
0.8 1.33 452 2.10 -2.2 
0.9 1.50 452 2.39 -1.5 
1 1.67 452 2.69 -1.8 
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Table 5.17. Results from the plate 3, stainless steel sieve-tray-scrubber, with 2 inch weir 
and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 543 1.14 -2.8 
0.6 1.00 543 1.36 -2.8 
0.7 1.17 543 1.56 -2.4 
0.8 1.33 543 1.76 -2.6 
0.9 1.50 543 1.96 -2.5 
1 1.67 588 2.03 -2.1  
 
Table 5.18. Results from the plate 3, stainless steel sieve-tray-scrubber, with 2 inch weir 
and ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 633 2.34 -2.3 
0.6 1.00 633 1.64 -2.2 
0.7 1.17 633 1.91 -2.1 
0.8 1.33 633 2.18 -1.9 
0.9 1.50 633 2.83 -1.9 
1 1.67 679 3.36 -1.7 
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Figure 5.5.  KLa comparisons with respect to weir height and water flow for the stainless-
steel 3/32 sieve-tray scrubber. 
  
For the combination of stainless-steel 1/8 sieve tray there was no statistically 
significant difference in KLa results with and without the use of ultrasound. Figure 5.6 
shows a very uniform behavior comparing the overall mass transfer coefficient with 
respect to weir height.  There is a better performance for the shorter weir of 1 inch, and 
there is a difference of about 0.5×10
-4
 mg/s·cm3 between results with each weir.  
When comparing the influence that weir height had over KLa with the PVC and 
stainless-steel sieve-trays of 1/8 inch hole diameter, the scrubber performance was more 
consistent and linear. For the metallic sieve-tray with greater liquid flows, the greater the 
mass transfer. The effect may be due to the vibration generated in the sieve-tray which 
created a better foam pattern at the transfer zone. However, the overall KLa results for 
both sieve trays were between 1.2×10
-4
 mg/s·cm3 to 3.5×10-4 mg/s·cm3. For the PVC 
sieve-tray with a 0.9 L/min flow, and 1.5 inch weir with the use of ultrasound, the overall 
mass transfer coefficient was about 6.1×10
-4
 mg/s·cm3 (see Figures 5.3 and 5.6). 
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Table 5.19. Results from the plate 4, stainless steel sieve-tray-scrubber, with 1 inch weir 
and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 271 2.24 -2.4 
0.6 1.00 271 2.69 -2.4 
0.7 1.17 271 3.14 -2.4 
0.8 1.33 317 2.90 -2.3 
0.9 1.50 317 3.28 -2.1 
 
Table 5.20. Results from the plate 4, stainless steel sieve-tray-scrubber, with 1 inch weir 
and ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 317 1.92 -1.8 
0.6 1.00 317 2.28 -1.8 
0.7 1.17 317 2.65 -1.7 
0.8 1.33 317 2.99 -1.6 
0.9 1.50 317 3.32 -1.5 
 
Table 5.21. Results from the plate 4, stainless steel sieve-tray-scrubber, with 1.5 inch 
weir and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 362 1.70 -2.5 
0.6 1.00 362 2.02 -2.5 
0.7 1.17 362 2.34 -2.0 
0.8 1.33 362 2.68 -1.8 
0.9 1.50 362 2.98 -1.7 
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Table 5.22. Results from the plate 4, stainless steel sieve-tray-scrubber, with 1.5 inch 
weir and ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 362 1.68 -2.1 
0.6 1.00 362 2.04 -2.1 
0.7 1.17 362 2.37 -2.0 
0.8 1.33 362 2.63 -1.8 
0.9 1.50 362 2.90 -1.7 
 
Table 5.23. Results from the plate 4, stainless steel sieve-tray-scrubber, with 2 inch weir 
and no ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 452 1.45 -3.3 
0.6 1.00 452 1.64 -3.4 
0.7 1.17 452 1.89 -3.3 
0.8 1.33 452 2.15 -2.9 
0.9 1.50 498 2.20 -2.8 
 
Table 5.24. Results from the plate 4, stainless steel sieve-tray-scrubber, with 2 inch weir 
and ultrasonic vibrations. 
Qw (L/min) Qw×10
-5
 (m
3
/s) V(cm
3
) KLa×10
-4
 (mg/s·cm
3
) ΔT (oC) 
0.5 0.83 453 1.27 -3.0 
0.6 1.00 453 1.48 -2.9 
0.7 1.17 453 1.70 -2.5 
0.8 1.33 498 1.74 -2.3 
0.9 1.50 498 1.91 -2.1 
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Figure 5.6. KLa comparisons with respect to weir height and water flow for the stainless-
steel 1/8 sieve-tray scrubber. 
 
Illustrations for comparisons for the sieve-trays are presented in Figures 5.7 to 
5.18 for the different weir heights with and without the use of ultrasonic vibrations.   
With the combination of PVC sieve-tray and 1 inch weir (Figure 5.7), there were 
two cases when the use of ultrasonic vibrations was observed to influence a greater mass 
transfer. For the case when using 0.5 L/min of liquid flow, there was a difference of 
about 0.8×10
-4
 mg/s·cm3 and when using 0.7 L/min of liquid flow, there was a 0.2 mg/ 
s·cm3 difference when using ultrasonic vibrations. For the case of 1.5 inch weir with and 
without ultrasonic vibrations (Figure 5.8), the data comparison was found to be 
statistically significantly different. When considering the results for the overall mass 
transfer coefficient, a clear difference was observed for the case of 0.9 L/min liquid flow 
in favor of the use of ultrasonic vibrations with a difference of about 4.5×10
-4
 mg/s·cm3. 
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With the use of a 2 inch weir (Figure 5.9), the results were observed to be similar with 
and without the use of ultrasound. With the lower flows of 0.5 L/min and 0.6 L/min, the 
use of ultrasound was not observed to be an advantage for KLa having a difference of 
about 0.16 ×10
-4
  mg/s·cm3. 
The aluminum sieve-tray combined with 1 inch weir led to very similar results as 
observed with the PVC sieve-tray. The pattern of oxygen mass transfer was the same 
when using ultrasonic vibrations as without ultrasound. For the lower flows of 0.5, 0.6 
and 0.7 L/min, ultrasonic vibrations showed a small difference of about 0.04×10
-4
 
mg/s·cm3 above the operation of the scrubber without the ultrasound (Figure 5.10). With 
the 1.5 inch weir the results for KLa were found to be statistically significantly different 
(see Appendix C). From Figure 5.11, it can be seen that the results for mass transfer with 
different liquid flows are different for both cases with and without the use of ultrasound, 
except for the liquid flows of 0.7, 0.9 and 1 L/min which resulted in very similar values 
for the two cases. When a 2 inch weir was used with the aluminum sieve-tray, the results 
with and without the use of ultrasound were all similar. The greater liquid-to-gas ratio, 
the greater the absorption results were for both cases (See Figure 5.12). 
For the combination of stainless-steel 3/32 (plate 3) and 1 inch weir no difference 
was observed in the performance of the scrubber with and without the application of 
ultrasound (Figure 5.13). When using the 1.5 inch weir, the results were very similar to 
those with the 1 inch weir (Figure 5.14), whereas when using the 2 inch weir for this 
sieve-tray, there was a clear significant difference for the two cases with and without use 
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of ultrasound, having a clear positive effect for the enhancement of KLa when using 
ultrasonic vibrations, shown in Figure 5.15 (See Appendix C). 
 
 
Figure 5.7. Results for overall KLa from the PVC sieve tray scrubber with air velocity of 
6.15 m/s, varying water flows and 1.0 inch weir.  
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Figure 5.8. Results for overall KLa from the PVC sieve tray scrubber with air velocity of 
6.15 m/s, varying water flows and 1.5 inch weir.  
 
Figure 5.9. Results for overall KLa from the PVC sieve tray scrubber with air velocity of 
6.15 m/s, varying water flows and 2.0 inch weir.  
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Figure 5.10. Results for overall KLa from the aluminum sieve tray scrubber with air 
velocity of 6.15 m/s, varying water flows and 1 inch weir.  
 
 
Figure 5.11. Results for overall KLa from the aluminum sieve tray scrubber with air 
velocity of 6.15 m/s, varying water flows and 1.5 inch weir.  
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Figure 5.12. Results for overall KLa from the aluminum sieve tray scrubber with air 
velocity of 6.15 m/s, varying water flows and 2.0 inch weir. 
 
 
Figure 5.13. Results for overall KLa from the stainless steel 3/32 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 1.0 inch weir.  
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Figure 5.14. Results for overall KLa from the stainless steel 3/32 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 1.5 inch weir.  
 
 
Figure 5.15. Results for overall KLa from the stainless steel 3/32 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 2.0 inch weir.  
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Figure 5.16. Results for overall KLa from the stainless steel 1/8 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 1.0 inch weir.  
 
 
Figure 5.17. Results for overall KLa from the stainless steel 1/8 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 1.5 inch weir.  
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Figure 5.18. Results for overall KLa from the stainless steel 1/8 inch hole sieve tray 
scrubber with air velocity of 6.15 m/s, varying water flows and 2.0 inch weir.  
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Figure 5.19. Results for overall KLa with air velocity of 6.15 m/s, varying water flows 
and 1.0 inch weir. For the stainless steel 1/8 inch hole sieve tray scrubber. 
 
 
Figure 5.20. Results for overall KLa with air velocity of 6.15 m/s, varying water flows 
and 1.5 inch weir. For the stainless steel 1/8 inch hole sieve tray scrubber. 
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Figure 5.21. Results for overall KLa with air velocity of 6.15 m/s, varying water flows 
and 2.0 inch weir. For the stainless steel 1/8 inch hole sieve tray scrubber. 
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Table 5.25. Comparison of results for overall KLa with respect to sieve-tray hole 
diameter. NU represents no ultrasonic vibrations results, and U represents the use of 
ultrasonic vibrations. The results for the 1/8 inch hole diameter are the average results 
from the PVC and stainless-steel sieve-trays. 
  KLa×10
-4
 (mg/s·cm
3
) 
 
Weir 
Qw (L/min) 
1 in 
(NU) 
1 in 
(U) 
1.5 in 
(NU) 
1.5 in 
(U) 
2.0 in 
(NU) 
2.0 in 
(U) 
1/8 inch hole diameter 
0.5 2.3 2.4 1.4 1.4 1.4 1.2 
0.6 2.2 2.0 1.8 1.7 1.7 1.5 
0.7 2.7 2.6 2.0 2.0 1.8 1.7 
0.8 2.7 2.7 2.2 2.2 2.0 1.8 
0.9 2.9 2.9 2.2 4.5 2.0 1.8 
1/16 inch hole diameter 
0.5 1.9 2.2 4.9 2.1 1.2 1.0 
0.6 2.2 2.6 2.6 1.9 1.4 1.3 
0.7 2.2 2.6 2.2 2.2 1.6 1.4 
0.8 3.0 3.0 3.0 2.2 1.8 1.6 
0.9 3.4 3.3 2.4 2.4 1.8 1.7 
1.0 3.6 3.6 2.7 2.7 2.0 1.8 
3/32 inch hole diameter 
0.5 1.8 2.0 1.7 2.3 1.1 2.3 
0.6 1.7 2.0 1.6 1.6 1.4 1.6 
0.7 2.4 2.2 1.9 1.8 1.6 1.9 
0.8 2.5 2.2 2.2 2.1 1.8 2.2 
0.9 2.8 2.5 2.4 2.4 2.0 2.8 
1.0 3.7 3.3 2.7 2.7 2.0 3.4 
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SUMMARY STATISTICS 
The data were also analyzed statistically by comparing two population means and 
variances, using methods described by Ott and Longnecker (2001), for the experiments 
with and without ultrasound, to determine a possible enhancement in the mass transfer 
coefficient with the use of ultrasonic vibrations. SAS 9.2 software was used to facilitate 
these comparisons generating ANOVA tables. Inferences of two populations were made 
in order to compare the two different sets of data for each case of sieve-tray with a 
particular weir height with and without the use of ultrasonic vibrations. In general there 
was not a significant difference among the treatments to conclude that there was a 
positive increment in the mass transfer coefficient while using ultrasonic vibrations in the 
scrubber. More information about the code use and tables of results are presented in 
Appendix C.  
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
 The main purpose of this research was to determine if ultrasonic vibrations  
enhance the overall liquid mass transfer coefficient in a sieve tray scrubber while testing 
for different materials of sieve trays and weir heights for foam volume in the transfer 
zone. Based on this investigation, the following conclusions were drawn: 
1. There was no significant difference between different sieve-tray materials for the 
overall liquid mass transfer coefficient, whereas diameter hole size was found to 
be the only variable of importance with respect to sieve-tray materials. 
2. There was a positive enhancement in mass transfer only with the conditions of 2 
inches weir and a small diameter hole size of sieve tray for active cross-sectional 
area.  
3. When applying ultrasonic vibrations there was no significant difference compared 
to the conventional scrubber according to the statistical analysis of the liquid mass 
transfer coefficients. 
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RECOMMENDATIONS 
 
1. Since applying ultrasonic vibrations to the liquid on the sieve plate did not 
increase the mass transfer, do not implement it in its current design. 
2. Determine if there is another possible physical position for the ultrasound 
transducers to be placed into a sieve tray scrubber, for example in the walls of 
the scrubber body. 
3. Investigate if there might be a positive physical or chemical mass transfer 
enhancement for different gases others than oxygen while using ultrasonic 
vibrations with an air pollution control device. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
APPENDICES 
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Appendix A  
Reference graphs and tables 
 
Figure A.1 (Thain, 1979). Foam density versus hole velocity 
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Table A.1 Compilation of Henry’s Law constant 
 
Compilation of Henry’s Law constants, Rolf Sander, Air Chemistry Department, Max-
Planck Institute of Chemistry PO Box 3060 55020 Mainz, Germany http://www.mpch-
mainz.mpg.de/~sander/res/henry.html 
 
 
 
Table A.2. Laurent et al. (1983). Range of Iiquid- and gas-side mass transfer coefficients, 
interphase areas, and liquid contents in the various types of gas/liquid contact apparatus 
used in industry.        
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Table A.3. Calderbank et al. (1960). 
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Figure A.2. Calderbank et al. (1960). 
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Appendix B  
Experimental Data 
PVC SIEVE-TRAY SCRUBBER  
No ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.8 
o
C 
DOin= 2 mg/L 
level= 0.375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.2 19.4 9.1 
2 5.8667 18.9 9.2 
3 8.7 18.8 9.2 
 
With ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.9 
o
C 
DOin= 2.8 mg/L 
level= 0.25 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 22-30 watts 
 
Bar graph: 15% 
   Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.7 19.5 9 
2 5.6167 19.3 9 
3 8.9667 19.2 9.1 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.3 
o
C 
DOin= 3 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.7333 18 9.4 
2 7.15 17.7 9.4 
3 10.5667 17.6 9.5 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20 
o
C 
DOin= 2.6 mg/L 
level= 0.6875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 37-45 watts 
 
Bar graph: 20-25 % 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.8 18 9.2 
2 7.4167 18.1 9.2 
3 10.58 18.1 9.2 
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No ultrasound 
 
Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.2 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.6333 15.3 10.7 
2 8.7833 14.6 10.2 
3 13.02 14.4 10.2 
 
         With ultrasound 
Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.8 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 39-50 watts 
 
Bar graph: 20-30 % 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.9833 15.7 9.7 
2 10.0333 16 9.8 
3 15.0167 15.9 9.6 
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No ultrasound 
 
Weir 1 in 
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.8 
o
C 
DOin= 3.8 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6333 19.4 9 
2 5.0333 19.1 9.1 
3 7.2833 18.9 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.8 
o
C 
DOin= 3.8 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 30-36 watts 
 
Bar graph: 20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2667 19.2 8.9 
2 4.7 19.3 8.9 
3 7.1667 19.2 9 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.5 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3 17.1 9.2 
2 5.8 17 9.3 
3 8.6333 16.9 9.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.8 
o
C 
DOin= 2.2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 38-50 watts 
 
Bar graph: 20-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.7667 20 8.6 
2 5.7833 19.7 8.7 
3 8.65 19.6 8.7 
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No ultrasound 
Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.3167 14.5 10 
2 6.6333 14.5 10 
3 9.95 14.5 10 
 
With ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.8 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 38-50  watts 
 
Bar graph: 20-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.35 16 9.5 
2 8.3333 16.2 9.5 
3 12.4 16.2 9.5 
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No ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 21 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.4333 20.1 8.9 
2 4.5167 19.6 8.9 
3 6.75 19.3 8.8 
 
With ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 21 
o
C 
DOin= 20 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 31-38 watts 
 
Bar graph: 20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.65 19.7 8.8 
2 4.7833 19.8 8.6 
3 6.9833 19.8 8.7 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 1.9 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.65 17.7 9.1 
2 4.9 17.1 9.3 
3 7.1667 17.7 9.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.6 
o
C 
DOin= 1.9 mg/L 
level= 0.6875 in 
Sonifier: 
  
 
Amplitude:  40% 
 
Power: 32-41 watts 
 
Bar graph: 20-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.4167 17.6 9.1 
2 5.8667 17.6 9.1 
3 8.4 17.6 9.1 
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No ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.3 14.6 9.9 
2 6 14.6 9.9 
3 8.9 14.6 9.9 
 
With ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 39-52 watts 
 
Bar graph: 20-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.75 16.2 9.4 
2 7.3 16.2 9.4 
3 10.6167 16.4 9.4 
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No ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.5 
o
C 
DOin= 2.4 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2833 18.9 9 
2 4.2167 18.4 9 
3 6.6667 18.2 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.5 
o
C 
DOin= 2.5 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 30-39 watts 
 
Bar graph: 20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.7667 18.4 9 
2 3.6 18.4 9 
3 5.5167 18.5 9.1 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 2.3 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.4 17.5 9.3 
2 4.6833 17.4 9.3 
3 7.0167 17.2 9.3 
 
                              With ultrasound 
Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.8 
o
C 
DOin= 2.5 mg/L 
level= 0.6875 in 
Sonifier: 
  
 
Amplitude:  40% 
 
Power: 34-43 watts 
 
Bar graph: 20-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.25 17.9 9.1 
2 4.5 18 9.1 
3 6.7 18.1 8.8 
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No ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9 16.9 9.5 
2 5.6833 16.1 9.6 
3 8.5 15.9 9.6 
 
                                With ultrasound 
Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 38-51 watts 
 
Bar graph: 20-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.1167 16.3 9.4 
2 6.05 16.5 9.3 
3 9.0667 16.5 9.3 
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No ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.5 
o
C 
DOin= 2.4 mg/L 
level= 0.56 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1333 18.7 9 
2 3.4333 18.5 9.1 
3 5.1 18.4 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 3.1 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 32-39 watts 
 
Bar graph: 20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.65 18.8 8.9 
2 3.6667 18.8 8.9 
3 5.15 18,8 9 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.9 
o
C 
DOin= 2.5 mg/L 
level= 0.81 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2 17.9 9 
2 4 17.8 9 
3 6.1667 17.7 9 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.9 
o
C 
DOin= 2.5 mg/L 
level= 0.75 in 
Sonifier: 
  
 
Amplitude:  40% 
 
Power: 31-45 watts 
 
Bar graph: 20-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.0833 18 8.9 
2 4.1167 18.2 8.9 
3 6.1 18.2 8.9 
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No ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 1.9 mg/L 
level= 0.88 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6667 15.9 9.6 
2 5.0333 15.9 9.6 
3 7.3333 15.8 9.6 
 
With ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.1 
o
C 
DOin= 1.9 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 39-52 watts 
 
Bar graph: 20-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.55 16.3 9.4 
2 5.25 16.5 9.3 
3 7.8333 16.6 9.3 
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ALUMINUM SIEVE-TRAY SCRUBBER 
No ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.8 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.4333 16.5 9.1 
2 6.6833 16.1 9.2 
3 9.8 15.9 9.3 
 
With ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 23-34 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.5167 14.4 10.2 
2 7.25 13.7 10.3 
3 10.8 13.4 10.3 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.4 mg/L 
level= 0.562500 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.65 13.8 10.3 
2 7.1 13 10.3 
3 10.6667 12.8 10.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.4 mg/L 
level= 0.5625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 28-40 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.6167 13.2 10.3 
2 7.0333 13.3 10.3 
3 10.5 13.3 10.3 
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No ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.8 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.2 13.3 10.7 
2 7.8667 13 10.5 
3 11.55 12.8 10.5 
 
With ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.8 mg/L 
level= 0.8125 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 25-42 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.7667 13.4 10.1 
2 7.5667 13.5 10 
3 11.35 13.5 10 
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No ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.8 
o
C 
DOin= 2.1 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.4167 16.4 9.1 
2 4.95 16.3 9.1 
3 7.6 16.3 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 25-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6167 13.7 10.2 
2 5.4667 13.7 10.2 
3 8.2833 13.6 10.2 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.4 mg/L 
level= 0.5625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.1167 13.1 10.2 
2 5.8667 13 10.2 
3 8.7 12.9 10.2 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.4 mg/L 
level= 0.5625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 14-37 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.1667 13.3 10 
2 6.1667 13.6 10 
3 8.9667 13.6 10 
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No ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.6 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.0667 13.4 10 
2 6.0333 13.3 10 
3 8.9667 13.2 10.1 
 
With ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.6 mg/L 
level= 0.8125 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 29-41 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.3 13.7 10 
2 6.3333 13.8 9.9 
3 9.3667 13.8 9.9 
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No ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.9 
o
C 
DOin= 2.2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.9833 16.8 8.9 
2 4.3667 16.8 8.9 
3 6.6167 16.8 8.9 
 
With ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 24-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5667 13.8 10.1 
2 5.0167 13.9 10 
3 7.4167 13.8 10.1 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.4 mg/L 
level= 0.5625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5667 13.3 10.2 
2 5.0167 13.2 10.2 
3 7.4333 13.1 10.2 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.4 mg/L 
level= 0.5625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 28-35 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5333 13.6 10 
2 5.0333 13.8 9.9 
3 7.5833 13.8 9.9 
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No ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.6 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9 13.6 10 
2 5.4833 13.5 10 
3 7.9667 13.4 10 
 
With ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.6 mg/L 
level= 0.8125 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-44 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9667 13.9 9.9 
2 5.65 14.1 9.8 
3 8.3833 14.1 9.9 
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No ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1167 13.7 10.1 
2 4.25 13.6 10.1 
3 6.3333 13.5 10.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.95 13.9 10 
2 4.0333 14 10 
3 6.1333 14 10 
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                                 No ultrasound 
Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.4 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.3667 13.4 10 
2 4.4667 13.4 10 
3 6.6 13.4 10 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2.4 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 28-43 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1333 13.8 9.9 
2 4.25 14 9.9 
3 6.45 14 9.9 
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No ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.7 14.1 9.9 
2 4.85 13.9 9.9 
3 7.0833 13.8 9.9 
 
With ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.8125 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-45 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5833 14.3 9.7 
2 4.95 14.5 9.7 
3 7.3667 14.4 9.7 
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No ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.50 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.9167 13.8 10.1 
2 3.8333 13.7 10.1 
3 5.7167 13.7 10.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 26-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.8667 13.9 9.9 
2 3.75 14 9.9 
3 5.6 14.1 9.9 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.6 mg/L 
level= 0.63 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2 13.9 9.9 
2 4.1333 13.7 10 
3 6.1333 13.7 10 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.6 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 29-41 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.9833 14.1 9.9 
2 3.9 14.2 9.9 
3 3.8833 14.3 9.8 
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No ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.81 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.8667 14 9.8 
2 4.7 13.9 9.8 
3 6.7833 13.9 9.7 
 
With ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 25-46 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5 14.1 9.8 
2 4.85 14.3 9.7 
3 7.2333 14.4 9.7 
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No ultrasound 
 Weir 1 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.50 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.6667 13.9 9.9 
2 3.3333 13.9 9.9 
3 5.0167 13.9 9.9 
 
With ultrasound 
 Weir 1 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.6 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.6 14.1 9.9 
2 3.3 14.2 9.9 
3 4.9333 14.2 9.9 
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No ultrasound 
 Weir 1.5 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.6 mg/L 
level= 0.63 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.6333 14 9.9 
2 3.3667 14 9.9 
3 5.0667 13.9 9.9 
 
With ultrasound 
 Weir 1.5 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.6 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 26-40 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.8667 14.1 9.9 
2 3.6167 14.4 9.8 
3 5.4667 14.4 9.8 
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No ultrasound 
 Weir 2 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.81 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.0333 14.1 9.8 
2 3.9167 14.2 9.8 
3 5.75 14.1 9.8 
 
With ultrasound 
 Weir 2 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-48 watts 
 
Bar graph: 15-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.3833 14.5 9.6 
2 4.5 14.6 9.6 
3 6.6667 14.7 9.7 
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STAINLESS STEEL 3/32 SIEVE-TRAY SCRUBBER 
 
No ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.5333 17.6 8.8 
2 6.5333 17.3 8.8 
3 9.6 17.2 8.8 
 
With ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2.2 mg/L 
level= 0.375 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 16-25 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.1667 17.7 8.7 
2 6.25 17.6 8.7 
3 9.4 17.7 8.7 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.7667 15.8 9.3 
2 7.0833 15 9.4 
3 10.3833 14.9 9.5 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 2 mg/L 
level= 0.5625 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 17-28 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.5167 15.3 9.3 
2 6.75 15.4 9.4 
3 10.1667 15.4 9.4 
 
 
 
 
 92 
 
No ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 2 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.0167 15.8 9.3 
2 7.31 15 9.4 
3 11.0833 14.9 9.5 
 
With ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-40 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.4333 16.2 9.6 
2 9.9833 16 9.7 
3 24.3167 15.9 9.6 
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No ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 20.8 
o
C 
DOin= 3.8 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6333 19.4 9 
2 5.0333 19.1 9.1 
3 7.2833 18.9 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.6 
o
C 
DOin= 2.3 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 15-23 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5167 18 8.7 
2 5.15 18 8.7 
3 7.65 18 8.7 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.4 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9 16.1 9.3 
2 5.6 15.6 9.4 
3 8.2167 15.3 9.4 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.4 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 19-29 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3 15.6 9.2 
2 5.75 15.7 9.3 
3 8.5167 15.7 9.3 
 
 
 
 
 95 
 
No ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 2 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.1167 15 9.3 
2 6.0833 14.9 9.4 
3 9.1167 14.9 9.5 
 
With ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 29-41 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.9667 16 9.4 
2 7.65 16.1 9.4 
3 11.45 16.1 9.4 
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No ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.6 
o
C 
DOin= 2.3 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.35 18.2 8.7 
2 4.6667 17.9 8.7 
3 6.9167 17.8 8.7 
 
With ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.6 
o
C 
DOin= 2.3 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 17-22 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2167 18 8.5 
2 4.5167 18.1 8.5 
3 6.8833 18.1 8.5 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.4 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5667 15.6 9.2 
2 5.8167 15.6 9.3 
3 8.1333 15.5 9.2 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.4 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 10-32 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.3833 15.9 9.2 
2 4.7667 15.9 9.2 
3 7.35 16.1 9.1 
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No ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1 15.2 9.3 
2 4.7 15.1 9.3 
3 7.35 15.1 9.2 
 
With ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 26-40 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.3 16.1 9.4 
2 6.4667 16.2 9.4 
3 9.5833 16.3 9.4 
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No ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2.5 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.15 18 8.5 
2 4.2 18 8.5 
3 6.1333 18 8.5 
 
With ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2.5 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 17-23 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.8667 18.2 8.5 
2 3.8 18.2 8.5 
3 5.7833 18.2 8.5 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.2 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.3 16.2 9.4 
2 4.3333 15.7 9.4 
3 6.45 15.6 9.4 
 
                              With ultrasound 
Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.2 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  40% 
 
Power: 20-33 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.0167 15.9 9.2 
2 4.1167 16 9.1 
3 6.2667 16 9.1 
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No ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.9 
o
C 
DOin= 2 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.25 15.5 9.2 
2 4.5833 15.4 9.1 
3 6.8833 15.4 9.1 
 
                               With ultrasound 
Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 25-33 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9667 16.3 9.4 
2 5.75 16.4 9.4 
3 8.6 16.4 9.4 
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No ultrasound 
Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2.5 mg/L 
level= 0.44 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2 18.2 8.5 
2 3.9 18.1 8.5 
3 5.6667 18 8.5 
 
With ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 19.7 
o
C 
DOin= 2.5 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 19-24 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.7667 18.3 8.4 
2 3.6167 18.4 8.5 
3 5.3833 18.4 8.5 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.4 
o
C 
DOin= 2 mg/L 
level= 0.63 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1167 16.1 9.2 
2 4 15.5 9.3 
3 5.9 15.4 9.4 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.3 
o
C 
DOin= 2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 33-38 watts 
 
Bar graph: 15-20% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.9667 15.7 9.2 
2 3.9333 15.8 9.3 
3 5.8167 15.8 9.2 
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No ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.9 
o
C 
DOin= 2 mg/L 
level= 0.75 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.4833 15.3 9.2 
2 4.7333 15.4 9.1 
3 6.8 15.4 9.1 
 
With ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-42 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.4667 16.2 9.4 
2 5.0167 16.5 9.3 
3 7.5 16.5 9.3 
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No ultrasound 
 Weir 1 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.5 
o
C 
DOin= 2 mg/L 
level= 0.44 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.8667 16.9 9 
2 3.5667 16.2 9.1 
3 5.2 15.9 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.5 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  30% 
 
Power: 16-25 watts 
 
Bar graph: 10-15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.6 16.5 9.2 
2 3.2333 16.3 9.1 
3 4.8167 16.2 9.1 
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                               No ultrasound 
Weir 1.5 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2 mg/L 
level= 0.63 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.1633 15.8 9.6 
2 3.3333 15.4 9.5 
3 5 15.3 9.4 
 
                              With ultrasound 
Weir 1.5 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 16.8 
o
C 
DOin= 2.7 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 16-25 watts 
 
Bar graph: 27-39% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.1667 15.1 10.1 
2 4.0833 15 10 
3 6.15 14.9 9.9 
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No ultrasound 
 Weir 2 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.9 
o
C 
DOin= 1.9 mg/L 
level= 0.81 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 1.95 17.4 9 
2 3.9333 17 9 
3 5.8 16.9 9 
 
With ultrasound 
 Weir 2 in    
Qw= 1 L/min 
 
360 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.3 
o
C 
DOin= 2 mg/L 
level= 0.9375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-42 watts 
 
Bar graph: 15-30% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.2167 16.5 9.3 
2 4.4667 16.6 9.3 
3 6.7167 16.7 9.3 
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STAINLESS STEEL 1/8 SIEVE-TRAY SCRUBBER 
No ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 1.8 mg/L 
level= 0.375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.05 16.8 9.1 
2 10.2 16.1 9.1 
3 15.8333 16.1 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.8 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 19-23 watts 
 
Bar graph: 15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.15 16.4 9.3 
2 6.6167 15.8 9.3 
3 10.3 15.7 9.3 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.9 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 6.0833 15.8 9.3 
2 11.1333 15.3 9.4 
3 16.05 15.2 9.4 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 1.9 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 23-29 watts 
 
Bar graph: 15-20 % 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 7.0833 16.2 9.1 
2 14.7333 15.9 9.2 
3 22.1833 15.7 9.3 
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No ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 2.5 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 8.8667 14.9 10.8 
2 15.7167 14.3 10.2 
3 22.7 14.1 10.2 
 
With ultrasound 
 Weir 2 in    
Qw= 0.5 L/min 
 
180 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.8 
o
C 
DOin= 3.2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 
24-37 
Watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 9.4 14.8 10.1 
2 18.8333 14.8 10.1 
3 27.8167 14.7 10.1 
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No ultrasound 
Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 1.8 mg/L 
level= 0.375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.5833 16.4 9.1 
2 11.15 16.2 9.1 
3 18.2333 16.3 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 19-23 watts 
 
Bar graph: 15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.05 15.8 9.2 
2 6.1833 15.8 9.2 
3 9.55 15.7 9.3 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.9 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.2833 15.4 9.3 
2 8.1333 15.5 9.3 
3 12.05 15.4 9.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 1.9 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 26-33 watts 
 
Bar graph: 15-20 % 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 6.0333 15.9 9.2 
2 11.7 15.9 9.3 
3 17.3333 15.9 9.3 
 
 
 
 
 113 
 
No ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 2.7 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.1833 14.4 10.1 
2 10.4333 14.3 10.1 
3 15.65 14.3 10.1 
 
With ultrasound 
 Weir 2 in    
Qw= 0.6 L/min 
 
220 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.8 
o
C 
DOin= 3.2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 27-39 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 7.2167 14.9 9.9 
2 14.2167 14.9 9.9 
3 21 15 9.9 
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No ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 1.8 mg/L 
level= 0.375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 6.35 16.3 9.1 
2 12.6833 16.3 9.1 
3 19.1167 16.3 9.1 
 
With ultrasound 
 Weir 1 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 19-25 watts 
 
Bar graph: 15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.9833 16 9.2 
2 5.8167 15.8 9.2 
3 8.7333 15.8 9.2 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.4333 15.5 9.2 
2 6.6333 15.5 9.3 
3 9.8833 15.5 9.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 1.9 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 26-34 watts 
 
Bar graph: 15-20 % 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.9 15.9 9.4 
2 8.8167 16.1 9.2 
3 13.2 16 9.2 
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No ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 2.6 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.5667 14.5 10 
2 9.2333 14.4 9.9 
3 13.65 14.4 9.9 
 
With ultrasound 
 Weir 2 in    
Qw= 0.7 L/min 
 
250 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 3.2 mg/L 
level= 0.625 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 29-40 watts 
 
Bar graph: 20-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 6.0333 15.1 9.8 
2 12.2167 15.3 9.8 
3 18.5833 15.2 9.8 
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No ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 1.8 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.1833 16.4 9.1 
2 10.1167 16.5 9 
3 15.1333 16.4 9 
 
With ultrasound 
 Weir 1 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 20-26 watts 
 
Bar graph: 15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.5333 16 9.1 
2 4.9833 16 9.1 
3 7.5167 16 9.1 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.7833 15.6 9.2 
2 5.5667 15.7 9.3 
3 8.2667 15.7 9.3 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 2.1 mg/L 
Qw= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 25-38 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.65 16.1 9.3 
2 7.3333 16.2 9.2 
3 10.8667 16.2 9.2 
 
 
 
 
 119 
 
No ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2.6 mg/L 
level= 0.625 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.0333 14.5 9.9 
2 7.85 14.6 9.9 
3 11.5 14.6 9.9 
 
With ultrasound 
 Weir 2 in    
Qw= 0.8 L/min 
 
290 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 3.2 mg/L 
level= 0.6875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 31-45 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 5.7333 15.3 9.7 
2 11.1 15.4 9.7 
3 16.5333 15.4 9.7 
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No ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18.7 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4 16.5 9 
2 8.25 16.6 8.9 
3 12.4 16.6 8.9 
 
With ultrasound 
 Weir 1 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.6 
o
C 
DOin= 2 mg/L 
level= 0.4375 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 21-27 watts 
 
Bar graph: 15% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6 16.1 9 
2 5.1 16.1 9 
3 7.65 16.1 9 
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No ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2 mg/L 
level= 0.5 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 2.6333 15.8 9.2 
2 5.15 15.9 9.2 
3 7.6 15.8 9.2 
 
With ultrasound 
 Weir 1.5 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 18 
o
C 
DOin= 2.1 mg/L 
level= 0.5 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 29-39 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.2333 16.1 9.1 
2 6.5833 16.4 9.1 
3 9.5833 16.4 9.1 
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No ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.5 
o
C 
DOin= 2.6 mg/L 
level= 0.6875 in 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 3.5833 14.6 9.9 
2 6.8167 14.7 9.9 
3 10.1333 14.7 9.9 
 
With Ultrasound 
 Weir 2 in    
Qw= 0.9 L/min 
 
320 rpm 
vg= 6.15 m/s 
Pg= 0.09 in H2O 
Tin= 17.7 
o
C 
DOin= 3.2 mg/L 
level= 0.6875 in 
Sonifier: 
  
 
Amplitude:  50% 
 
Power: 28-46 watts 
 
Bar graph: 15-25% 
Obs. Time (min) T(
o
C) DOout (mg/L) 
1 4.85 15.5 9.6 
2 9.8833 15.7 9.5 
3 14.7 15.6 9.5 
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Unit conversions for air flow 
 
 
 
 
 
 
 
 
Unit conversions for KLa 
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Tables for Liquid-to-Gas ratio (L/G) 
 
Table B.2. Gray PVC perforated sheet 1/8 inch OD holes; and for the stainless-steel 
perforated sheet 1/8 inch OD Holes. 
 
  
L/G 
vh 
(m/s) 
Qa,tray 
(m
3
/s) 
Qw = 0.5 
L/min 
Qw = 0.6 
L/min 
Qw = 0.7 
L/min 
Qw = 0.8 
L/min 
Qw = 0.9 
L/min 
Qw = 1 
L/min 
1 0.0012 7.21 8.65 10.09 11.53 12.98 14.42 
2 0.0023 3.60 4.33 5.05 5.77 6.49 7.21 
3 0.0035 2.40 2.88 3.36 3.84 4.33 4.81 
4 0.0046 1.80 2.16 2.52 2.88 3.24 3.60 
5 0.0058 1.44 1.73 2.02 2.31 2.60 2.88 
6 0.0069 1.20 1.44 1.68 1.92 2.16 2.40 
7 0.0081 1.03 1.24 1.44 1.65 1.85 2.06 
8 0.0092 0.90 1.08 1.26 1.44 1.62 1.80 
9 0.0104 0.80 0.96 1.12 1.28 1.44 1.60 
10 0.0116 0.72 0.87 1.01 1.15 1.30 1.44 
11 0.0127 0.66 0.79 0.92 1.05 1.18 1.31 
12 0.0139 0.60 0.72 0.84 0.96 1.08 1.20 
13 0.0150 0.55 0.67 0.78 0.89 1.00 1.11 
14 0.0162 0.51 0.62 0.72 0.82 0.93 1.03 
15 0.0173 0.48 0.58 0.67 0.77 0.87 0.96 
16 0.0185 0.45 0.54 0.63 0.72 0.81 0.90 
17 0.0197 0.42 0.51 0.59 0.68 0.76 0.85 
18 0.0208 0.40 0.48 0.56 0.64 0.72 0.80 
19 0.0220 0.38 0.46 0.53 0.61 0.68 0.76 
20 0.0231 0.36 0.43 0.50 0.58 0.65 0.72 
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Table B.3. Stainless-steel perforated sheet 3/32 inch round perforations. 
 
  L/G 
vh 
(m/s) 
Qa,tray 
(m
3
/s) 
Qw = 0.5 
L/min 
Qw = 0.6 
L/min 
Qw = 0.7 
L/min 
Qw = 0.8 
L/min 
Qw = 0.9 
L/min 
Qw = 1 
L/min 
1 0.0013 6.29 7.55 8.81 10.06 11.32 12.58 
2 0.0027 3.14 3.77 4.40 5.03 5.66 6.29 
3 0.0040 2.10 2.52 2.94 3.35 3.77 4.19 
4 0.0053 1.57 1.89 2.20 2.52 2.83 3.14 
5 0.0066 1.26 1.51 1.76 2.01 2.26 2.52 
6 0.0079 1.05 1.26 1.47 1.68 1.89 2.10 
7 0.0093 0.90 1.08 1.26 1.44 1.62 1.80 
8 0.0106 0.79 0.94 1.10 1.26 1.42 1.57 
9 0.0119 0.70 0.84 0.98 1.12 1.26 1.40 
10 0.0132 0.63 0.75 0.88 1.01 1.13 1.26 
11 0.0145 0.57 0.69 0.80 0.91 1.03 1.14 
12 0.0159 0.52 0.63 0.73 0.84 0.94 1.05 
13 0.0172 0.48 0.58 0.68 0.77 0.87 0.97 
14 0.0186 0.45 0.54 0.63 0.72 0.81 0.90 
15 0.0199 0.42 0.50 0.59 0.67 0.75 0.84 
16 0.0212 0.39 0.47 0.55 0.63 0.71 0.79 
17 0.0225 0.37 0.44 0.52 0.59 0.67 0.74 
18 0.0239 0.35 0.42 0.49 0.56 0.63 0.70 
19 0.0252 0.33 0.40 0.46 0.53 0.60 0.66 
20 0.0265 0.31 0.38 0.44 0.50 0.57 0.63 
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Appendix C 
Hypothesis tests for the experimental results using SAS 9.2 
It is of interest to determine whether the mean of mass transfer coefficient from 
the sieve-tray-scrubbers are different with and without the use of ultrasonic vibrations. 
To be able to understand this from the collected data, it was performed a 
hypothesis test using SAS 9.2 as a tool to generate quick and accurate results (α=0.05). 
An example of this is presented: 
The SAS code used to generate the ANOVA table to compare means was: 
Proc ttest; 
Class TRAY; 
Var KLa; 
 
Hypotheses: 
 
 
 
 
Output: 
                                     Equality of Variances 
 
                       Method      Num DF    Den DF    F Value    Pr > F 
 
                       Folded F         4         4       1.98    0.5252 
 
 
 
 
Decision: Fail to reject H0 since the p-value of 0.5252 is greater than alpha of 0.05. 
Conclusion: At the 5% significance level, there is insufficient evidence to conclude that 
there is a difference in the variance of mass transfer coefficient for PVC tray scrubber 
and for sono-scrubber (p-value = 0.5252). 
2 2
2 2
:
:
Ho PVC SONO
H
A PVC SONO
22
max
22
min
0.000045s
1.98
s 0.000032
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Test to determine if the mean for KLa of PVC tray scrubber is bigger than the one for 
sono-scrubber (α=0.05). 
Hypotheses: 
 
 
 
Where: µPVC represents the mean of KLa for PVC tray scrubber while µSONO represents 
the mean of KLa for sono-scrubber. 
Output: 
               The TTEST Procedure 
 
                                         Variable:  KLa 
 
          TRAY           N        Mean     Std Dev     Std Err     Minimum     Maximum 
 
          PVC            5    0.000220    0.000032    0.000014    0.000167    0.000247 
          SONO           5    0.000235    0.000045    0.000020    0.000162    0.000287 
          Diff (1-2)          -0.00002    0.000039    0.000025 
 
  Method           Variances        DF    t Value    Pr > |t| 
 
                  Pooled           Equal             8      -0.63      0.5485 
 
From  
 
Substituting with the output SAS data file, the results are: 
 
0:H
0:H
A
0
SONOPVC
SONOPVC
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Test statistic: 
tobs= -0.63 
Spooled = 0.000039 
 
For the lower tail test: 
p-value = P(t<tobs) 
 = P(t<-0.60813) 
 =0.5485/2 = 0.27425 
 
Decision: Fail to reject H0 since the p-value of 0.27425 is greater than alpha of 0.05 
Conclusion: At a 5% level of significance, there is insufficient evidence to conclude that 
the mean of the mass transfer coefficient for PVC-tray scrubber is bigger than that of the 
sono-scrubber (p- value = 0.27425). 
The next tables show the statistics results summary using SAS 9.2 to demonstrate 
if there exists a significant difference when using ultrasonic vibrations. 
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Table C.1. Summary of PVC tray scrubber comparisons with and without the use of 
ultrasonic vibrations, with a 5% level of significance; where the PVC suffix stands for the 
PVC sieve tray scrubber and the SONO suffix agglomerates the data for the PVC sieve 
tray scrubber in the presence of ultrasonic vibrations. 
 
Plate Weir Hypothesis test Decision Conclusion 
PVC 1 in 
H0: µPVC - µSONO ≥ 0 
HA: µPVC - µSONO < 0 
 Fail to 
reject H0 No significant difference. 
PVC 1 in 
H0: σ
2
PVC = σ
2
SONO  
HA: σ
2
PVC ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
PVC 1.5 in 
 H0: µPVC - µSONO ≥ 0 
HA: µPVC - µSONO < 0 
Fail to 
reject H0 No significant difference. 
PVC 1.5 in 
 H0: σ
2
PVC = σ
2
SONO  
HA: σ
2
PVC ≠ σ
2
SONO  
Reject H0 There is a significant difference 
between both variances. 
PVC 2 in 
 H0: µPVC - µSONO ≥ 0 
HA: µPVC - µSONO < 0 
Fail to 
reject H0 No significant difference. 
PVC 2 in 
 H0: σ
2
PVC = σ
2
SONO  
HA: σ
2
PVC ≠ σ
2
SONO  
 Fail to 
reject H0 No significant difference. 
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Table C.2. Summary of the aluminum tray scrubber comparisons with and without the 
use of ultrasonic vibrations, with a 5% level of significance; where the Al suffix stands 
for the aluminum sieve tray scrubber and the SONO suffix agglomerates the data for the 
aluminum sieve tray scrubber in the presence of ultrasonic vibrations. 
 
Plate Weir Hypothesis test Decision Conclusion 
Al 1 in 
H0: µAL - µSONO ≥ 0 
HA: µAL - µSONO < 0 
 Fail to 
reject H0 No significant difference. 
Al 1 in 
H0: σ
2
AL = σ
2
SONO  
HA: σ
2
AL ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
Al 1.5 in 
H0: µAL - µSONO ≥ 0 
HA: µAL - µSONO < 0 
Fail to 
reject H0 No significant difference. 
Al 1.5 in 
H0: σ
2
AL = σ
2
SONO  
HA: σ
2
AL ≠ σ
2
SONO  
Reject H0 There is significant difference 
when using ultrasonic vibrations. 
SS 2 in 
H0: µAL - µSONO ≥ 0 
HA: µAL - µSONO < 0 
Fail to 
reject H0 No significant difference. 
SS 2 in 
H0: σ
2
AL = σ
2
SONO  
HA: σ
2
AL ≠ σ
2
SONO  
 Fail to 
reject H0 No significant difference. 
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Table C.3. Summary of stainless steel tray (3/32 in OD) scrubber comparisons with and 
without the use of ultrasonic vibrations, with a 5% level of significance; where the SS 
suffix stands for the stainless steel sieve tray scrubber and the SONO suffix agglomerates 
the data for the stainless steel sieve tray scrubber in the presence of ultrasonic vibrations. 
 
Plate Weir Hypothesis test Decision Conclusion 
SS 1 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
 Fail to 
reject H0 No significant difference. 
SS 1 in 
H0: σ
2
SS = σ
2
SONO  
HA: σ
2
SS ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
SS 1.5 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
Fail to 
reject H0 No significant difference. 
SS 1.5 in 
H0: σ
2
SS = σ
2
SONO  
HA: σ
2
SS ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
SS 2 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
Reject H0 There is a significant difference 
when using ultrasonic vibrations. 
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Table C.4. Summary of stainless steel tray (1/8 in OD) scrubber comparisons with and 
without the use of ultrasonic vibrations, with a 5% level of significance; where the SS 
suffix stands for the stainless steel sieve tray scrubber and the SONO suffix agglomerates 
the data for the stainless steel sieve tray scrubber in the presence of ultrasonic vibrations. 
 
Plate Weir Hypothesis test Decision Conclusion 
SS 1 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
 Fail to 
reject H0 No significant difference. 
SS 1 in 
H0: σ
2
SS = σ
2
SONO  
HA: σ
2
SS ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
SS 1.5 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
Fail to 
reject H0 No significant difference. 
SS 1.5 in 
H0: σ
2
SS = σ
2
SONO  
HA: σ
2
SS ≠ σ
2
SONO  
Fail to 
reject H0 No significant difference. 
SS 2 in 
H0: µSS - µSONO ≥ 0 
HA: µSS - µSONO < 0 
Fail to 
reject H0 No significant difference. 
SS 2 in 
H0: σ
2
SS = σ
2
SONO  
HA: σ
2
SS ≠ σ
2
SONO  
 Fail to 
reject H0 No significant difference. 
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Table C.5. Summary of the comparison of all sieve tray scrubber comparisons with and 
without the use of ultrasonic vibrations, with a 5% level of significance; where the 
aluminum sieve tray is represented by the number 1, the PVC tray is represented by the 
number 2, the stainless steel sieve tray with 3/32 inch diameter hole size is represented by 
the number 3, and the stainless steel sieve tray with 1/8 inch diameter hole size is 
represented by the number 4; this is due to alphabetic order operation in SAS. 
 
Plates Weir Hypothesis test Decision Conclusion 
1, 2, 3, 
4 
1 in 
H0: All means are equal 
HA: Not all means are equal 
Fail to 
reject H0 No significant difference. 
1, 2, 3, 
4 
1 in 
H0: All variances are equal 
HA: Nota all variances are 
equal 
Fail to 
reject H0 No significant difference. 
1, 2, 3, 
4 
1.5 
in 
H0: All means are equal 
HA: Not all means are equal 
Fail to 
reject H0 No significant difference. 
1, 2, 3, 
4 
1.5 
in 
H0: All variances are equal 
HA: Nota all variances are 
equal 
Fail to 
reject H0 No significant difference. 
1, 2, 3, 
4 
2 in 
H0: All means are equal 
HA: Not all means are equal 
Reject 
H0 
There is a significant 
difference when using 
ultrasonic vibrations. 
1, 2, 3, 
4 
2 in 
H0: All variances are equal 
HA: Nota all variances are 
equal 
Fail to 
reject H0 No significant difference. 
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